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AN ANTENNA WITH PARTIALLY SPHERICAL DIELECTRIC LENSES 



The present invention relates to an antenna and in particular to a multiple 
beam antenna. More particularly, but not exclusively, the invention relates to a 
5 low-profile multiple beam antenna operable to provide at least hemispherical 
coverage. 

Lens-based multiple beam antennae are known to offer a viable and 
lower cost alternative to phased array antennae for use in a range of 
applications, both military and non-military. In particular, multiple beam 
o antennae with electronically switched beams and spherical dielectric lenses are 
known which are able to produce a wide field of coverage while avoiding some 
of the engineering issues that can arise with phased array antennae. 

Multiple beam antennae may use spherical or partially spherical dielectric 
lenses, e.g. hemispherical lenses, in particular lenses known as "Luneburg" 
5 lenses having a continuously varying or step-graded index profile. In a known 
arrangement, a so-called "virtual source" antenna comprises a half 
(hemispherical) Luneburg lenses mounted adjacent to a conducting ground 
plane. When signals are injected into the lens at a certain angle by one of a 
number of switchable radiating elements disposed around a portion of the lens, 
radiation emerges from the lens, is reflected off the ground plane, and re-enters 
the lens at a different angle, so simulating the effect of a virtual source of 
radiation as if a full spherical Luneburg lens were being used. 

Several methods of fabricating Luneburg lenses, capable of operating at 
microwave frequencies, have been developed. The most common method uses 
a hemispherical shell construction yielding an approximate stepped or graded 
index profile. 

US Patent number 5,781,163 describes an antenna arrangement based 
upon hemispherical dielectric lenses arranged as a collinear array of half 
Luneburg lenses mounted on a common ground plane, providing a low profile, 
low radar cross section, high-gain antenna. Each hemispherical lens is fed by a 
single radiating feed element mounted on a feed arm. Beam pointing is 
achieved by rotating the ground plane and moving all radiating feed elements 
simultaneously along their feed arms. 
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In one particular type of large array of full or half Luneburg lenses, it has 
been proposed to build a radiometer with exceptionally high gain. The antenna 
in that case was designed to operate at low microwave frequencies, typically 
less than around 5 GHz. Although low radar cross section is not an .ssue at 
these frequencies, half Luneburg lenses may be preferred because the ground 
plane offers a way of mechanically supporting the weight of the lenses. Each 
lens may be fed by a single radiating element or clusters of elements that are 
mounted on feed arms and are mechanically steered. 

In known arrangements above, in order to provide at least hemispherical 
coverage, a certain amount of mechanical steering is required to the antenna. 

From a first aspect, the present invention resides in an antenna, 
comprising a first group of part-spherical dielectric lenses supported on a first 
portion of a conducting ground plane arranged to reflect signals emerg.ng from 
the lens each of the lenses having a plurality of associated switchably 
selectable antenna feed elements disposed around the periphery of at least one 
sector of the lens for injecting signals into and/or receiving signals propagated 
by the lens, wherein each lens and the associated feed elements of the first 
group has a different orientation and is operable to provide coverage in respect 
of a different region, and a second group of one or more spherical or part- 
spherical dielectric lenses and associated switchably selectable antenna feed 
elements oriented and operable to provide coverage to a region other than that 
covered by lenses of the first group. 

Utilising the spherical symmetry of the lens, a relatively wide field of view 
may be provided by each lens, ideally without blockage between the switchably 

selectable antenna feed elements. 

In a preferred embodiment, the first portion of the conducting ground 
plane is substantially annular and surrounds a well-like portion of the antenna, 
and the second group of one or more lenses is located within that well-like 
portion. In that way, a greater angle of coverage may be provided without 
increasing the overall height of the antenna arrangement above a mounfing 
surface. The conducting ground plane may further comprise a second port.on 
inclined differently to the first portion, and the second group of one or more 
lenses comprises at least one part-spherical lens supported by the second 
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portion of the ground plane, for example where the second portion of the ground 
plane forms the side-walls of the well-like portion of the antenna. 

In alternative arrangement, rather than mounting part-spherical lenses on 
ground plane walls of the well-like portion, a single spherical lens may be 
; located within the well-like portion of the antenna to provide equivalent 
coverage to an arrangement of part-spherical lenses mounted within the well. 

Preferably, the first portion of the ground plane surrounds a substantially 
square well-like portion and the first group of one or more lenses comprises four 
part-spherical lenses disposed with substantially equal spacing around the well- 
like portion. Where the second portion of the ground plane forms the side-walls 
of a square well-like portion of the antenna, preferably inclined at approximately 
45 degrees to the corresponding sections of the first portion of the ground 
plane, one part-spherical lens may be mounted on each of the four walls of the 
well. 

In a further preferred embodiment of the present invention, the 
conducting ground plane further comprises a third portion inclined differently to 
the first and second portions and the antenna further comprises a third group of 
one or more part-spherical dielectric lenses, each having a plurality of 
associated switchably selectable antenna feed elements, supported by the third 
portion of the conducting ground plane and operable to provide coverage to a 
different region to those covered by the first and second groups of lenses. 

Preferably antenna feed elements are located on the surface of each 
lens or at a convenient distance away from the lens surface, preferably on the 
focal surface of the lens. Antenna feed elements of preferred antennae may 
either transmit a beam into any desired direction (transmit mode) or receive a 
signal from any desired direction (receive mode) from within the solid angle of 
view of the antenna, preferably at least hemispherical. 

Conveniently antennae are mounted on flat surfaces. By arranging 
hemispherical lenses or combinations of hemispherical and spherical lenses in 
this manner, the antenna extends only half as far above a surface as was 
previously the case compared with conventional antennae employing full 
spherical lenses or reflectors. 
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ln a particularly preferred embodiment an entire antenna system 
according to preferred embodiments of the present invention may be mounted 
behind a frequency selective surface (FSS) that is transparent to frequencies 
used by the lens, but absorbent or reflective to other frequencies. This offers a 
great advantage in terms of radar cross section. The reduced physical height of 
a half Luneburg lens allows a more compact antenna installation on a vehicle 
which simplifies the design of a combined radome/FSS. This simplification and 
the simplification at the junction of the FSS and airframe reduces the radar 
cross-section. If suitably dimensioned and arranged, the profile of such a 
frequency selective screen may also help reduce aerodynamic drag, for 
example when the antenna is mounted upon the fuselage of a craft, aircraft or 
vessel . 

Using a plurality of lenses, each having a number of antenna feed 
elements, it is possible to arrange the feed elements such that they do not block 
one another. 

Using several electronically switched beams, rather than a single 
mechanically steered beam per lens; a high switching speed can be realised. 
By utilising high-speed microwave switches, such as PIN diode switches, the 
operating speed of a preferred switching network for that switching a signal to 
an individual antenna feed element on a particular lens or part of a lens, is 
greatly enhanced. A high switching speed is vital for a number of applications 
such as electronic support measures (ESM) systems. 

For the avoidance of doubt, it is pointed out that the antenna itself, is not 
an array antenna, although a plurality of lenses and feed elements are 
employed. This is because the antenna may be operated if required with only a 
single beam switched on at any one time. However, if multiple 
transmit/receivers are connected to the multiple feeds, a number of independent 
radiation pattern beams can be formed simultaneously. This allows the antenna 
to act as a node in a multi-point communication network for example. 

Preferred embodiments of the present invention will now be described in 
more detail by way of example only, and with reference to the accompanying 
drawings of which: 
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Figure 1 is a diagrammatical cross section of an example of a Luneburg 
lens, operated as part of a receiving multiple beam antenna, and shows regions 
of varying refractive index; 

Figure 2 illustrates array geometry for a hemispherical (virtual source) 
Luneburg lens antenna; 

Figure 3 illustrates a technique for placing antenna feed elements on the 
surface of a spherical dielectric lens in order to avoid blockage of signals by 
such feed elements; 

Figure 4 shows an example of an antenna arrangement comprising four 
full Luneburg lenses and associated feed elements designed to provide 
hemispherical coverage without blockage; 

Figure 5 shows a multiple beam antenna arrangement according to a 
preferred embodiment of the present invention, based upon virtual source 
antennae preferably of the type shown in Figure 2, and designed to provide at 
least full hemispherical coverage without blockage; 

Figure 6 shows a multiple beam antenna arrangement according to a 
further preferred embodiment of the present invention, using a combination of 
virtual source antennae and a full Luneburg lens to provide full hemispherical 
coverage without blockage; 

Figure 7 shows a diagrammatical representation of a binary tree 
switching network of a type suitable for use in selecting and providing an RF 
signal path to antenna feed elements in antenna arrangements according to 
preferred embodiments of the present invention; and 

Figure 8 shows a diagrammatical view of an alternative embodiment of 
the present invention showing a multiple beam antenna assembly according to 
preferred embodiments of the present invention enclosed behind a frequency 
selective surface. 

Known features used within preferred embodiments of the present 
invention will be described firstly by way of background information with 
reference to figures 1 to 4. 
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Referring firstly to Figure 1, a basic multiple beam antenna is shown 
based upon a Luneburg lens 10. In the example of Figure 1 , a Luneburg lens 10 
is shown having a stepped index profile to approximate an ideal continuously 
varying index profile, each step being provided by a different concentncally 

5 arranged layer of dielectric material of a different relative permittivity (s). That 
portion at the centre of the lens has the maximum value with successive layers 
having monotonically decreasing values. The antenna further comprises a 
number of switchably selectable antenna feed elements 11,13 located at po.nts 
preferably around the focal surface 12 of the lens 10 (where that focal surface 

,o 12 does not coincide with the actual surface of the lens 10) that may be linked 
to one or more transmitters or receivers by means of transmission lines (not 
shown) One antenna feed element 13, in particular, when energised, would 
typically cause a substantially parallel beam of radiation 14 to be emitted from 
the lens 10, as shown in Figure 1. Similarly, energising other ones of the 

is antenna feed elements 1 1 would cause radiation to be emitted from the lens 10 
in other directions, hence providing coverage in various directions as required. 
Furthermore, radiation incident to the antenna would be focussed by the lens 10 
onto one or other of the antenna feed elements 11,13 enabling signals to be 
received upon selecting the appropriate feed element. 

20 Although a stepped dielectric lens may be preferred to approximate the 

continuously varying dielectric properties of an ideal Luneburg lens 10, it will be 
clear that other types of spherical and part-spherical lenses, such as "constant 
k» lenses or "two-shell" lenses, may be used in preferred embodiments of the 
present invention to focus radiation from a point source into a beam and vice 

25 versa. 

Referring to Figure 2, an antenna arrangement known as a "virtual, 
source antenna" is shown in which a half-Luneburg or hemispherical Luneburg 
lens 20 is supported on a conducting ground plane 21. One or more antenna 
feed elements 22 are provided to inject signals into the lens 20 or to receive 
30 signals propagated by the lens 20. As illustrated in Figure 2, radiation emerging 
from the lower flat surface 23 of the lens 20 is paths 12 are reflected from the 
ground plane 21 in accordance with Snell's law. Snell's law states that the 
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angle of incidence is equal to the angle of reflection. For example, as illustrated 
in Figure 2, an incident ray 24 entering the lens 20 at an angle <|>i to the ground 
plane 21 and directed towards the centre of the lens 20, is reflected by the 
ground plane 21 in a ray 25 that re-enters the lens 20 at angle <j> r (equal to <j>i) for 
5 propagation to the antenna feed 22. As can be seen in Figure 2, the presence 
of the ground plane simulates the use of a full spherical lens in that, from the 
perspective of the antenna feed element 22, an incident wavefront 26 appears 
to be coming from the other side of the ground plane 21 as illustrated by dashed 
lines in Figure 2. 

10 For classical planar arrays, or reflector antennae, the effective vertical 

dimension of the antenna aperture h e tf must be less than h, the maximum 
allowable protrusion of the antenna lens 20 above the ground plane 21 . The 
same applies for antenna installations based on full Luneburg lenses. By 
comparison, the effective vertical dimension of a hemispherical Luneburg lens 

15 antenna aperture h e tf can be twice as large as the physical height h. The 
inherently larger aperture of a hemispherical Luneburg lens 20 results in an 
antenna gain of twice that of a conventional antenna, with the same aperture 
height h protruding above the ground plane 21 . For airborne platforms this 
means that aerodynamic drag and radar cross section contribution can be 
20 reduced, as compared with a conventional reflector or array antenna of the 
same effective size. As will be described below in a preferred embodiment of 
the present invention, if the antenna is enclosed by a frequency selective 
radome, radar cross section can be reduced for frequencies outside the 
operation band. 

25 In preferred embodiments of the present invention, electronically 

switched beams are used to achieve substantially hemispherical coverage. 
This is achieved by controlling and manipulating beams, without individual 
antenna feed elements 11, 13, 22 blocking one other. Figure 3 illustrates a 
technique for arranging antenna feed elements so that blockage is avoided. 

30 Referring to Figure 3, if an antenna feed element is located at the "North 

Pole" (0,0,1) 31 of a Luneburg lens 30 of unit radius, then blockage is avoided 
provided that no antenna feed element is located on the Southern Hemisphere, 
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(assuming that the full Luneburg lens aperture is utilised). Similarty ,f an 
antenna feed eiement is iocated on the equator, e.g. a, (1.0.0) 32, then no 
blockage ooours provided that there is no antenna feed element on the 
hemisphere desoribed by x < 0. Finally, if an antenna feed element ,s located on 
the equator a. (0,1,0) 34, no blockage ooours I there is.no 
element on the hemisphere desoribed by y<0. The boundaries imposed by the 
no-blockage condMon for the three discussed points 81. 32, 34 define an octan 
35 of a unit sphere, as depicted in Figure 3. If active antenna feed elements 36 
are - placed within this octant 35 only, then no blockage occurs. Full 
hemispherical coverage may therefore be achieved with an antenna compnsmg 
four full Luneburg lenses each having one octant, as shown ,n F,gure 3, 
populated by antenna feeds elements 36. Figure 4 iilusW.es such a 
configuration of Luneburg lenses. • 

Referring to Figure 4a. four full Luneburg lenses 40 are prov,ded hav,ng 
their centres arranged in a square formation 41 . Antenna fead eiements 42 are 
,ocated within this square area. Each Luneburg lens 40 and 
antenna feed e.ements 42 confutes one quad ra n, of a fui, hemisphere, vrew 
The antenna installation o, Figura 4a enables the M upper hemisphere to be 
covered by beam, Figure 4b iilustrates a plane section A-A through the 
antenna arrangement of Figure 4a viewed along the UneB-B. 

Antenna installations on air, sea and land platforms are often required to 
be flush mounted to a mounflng surface due to drag. Radar Cross Section 
(RCS) and aestheflcs. If the antenna is attached to the surface of an a.rcraft for 
example, the profile must be sufficient* sma., to prevent in«o,erable drag and a,r 
stream turbulence. In practice, an antenna is usually covered by a radomefor 
environmenta. protecflon. A low-profile requi re ment forces med,um and h* 
gain antennae (>20dBi) to have an approximately rectangular or elhptical 
listing aperture with a width to hefch. ratio greater than four. The Luneburg 
lens conflguraflon shown in Figure 4 is non-idea, in terms of radar cross secflon 
as the height of the antenna installation, above a supporting structure (not 
shown), is at least the full diameter D of a Luneburg lens 40. 
. . . Preferred embodiments of the present invention will now be. descnbed 
with reference to the remaining figures 5 to 8. 
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Referring firstly to Figure 5a, a preferred antenna arrangement is shown 
in plan view based upon virtual source antennae of a type described above with 
reference to Figure 2, used to provide a multi-beam antenna with hemispherical 
coverage while avoiding blockage by antenna feed elements. Figure 5b 
provides a section view of the arrangement of Figure 5a through the plane A-A, 
as viewed in the direction B-B. In the arrangement of Figure 5, the antenna 
comprises eight hemispherical Luneburg lenses 50, 51. The outer four 
hemispherical Luneburg lenses 50 are mounted on a horizontal ground plane 
52, whereas the inner four hemispherical Luneburg lenses 51 are mounted on a 
well-like section of ground plane 53 that is inclined at an angle of approximately 
45° with respect to the horizontal section of ground plane 52. Each of the outer 
hemispherical Luneburg lenses 50 is populated by associated antenna feed 
elements 54, arranged on a rectangular sector measuring approximately 90° in 
azimuth (as seen in Figure 5a) and approximately 45° in elevation (as seen in 
Figure 5b). For the inner hemispherical Luneburg lenses 51, associated 
antenna feed elements 55 lie on a substantially triangular sector (shown in 
Figure 5b), measuring 90° in azimuth and 45° in elevation. 

Compared with the multiple beam antenna installation shown in Figure 4, 
the height of the preferred antenna arrangement shown in Figure 5 extending 
above the mounting surface is reduced to half its value. This means that 
aerodynamic drag of the preferred antenna arrangement installation 40 shown 
of Figures 5 is greatly improved compared with the installation shown in Figure 
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Referring to Figures 5c and 5d, an improved antenna arrangement is 
provided in which additional lenses 56 and associated antenna feed elements 
58 are supported on a ring-sectioned ground plane 57 disposed around the 
outside of the group of lenses 50 and inclined at approximately 45° to the 
adjacent sections of the horizontal ground plane 52 and therefore at 
approximately 90° to the corresponding inner sections of the ground plane 53. 
An advantage of this preferred arrangement is that the field of view is extended 
beyond a hemispherical view. 
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. A further preferred embodiment of the present invention will now be 

described with reference to Figure 6. 

Referring to Figure 6, rather than use four inner hemispherical Luneburg 
ienses, such as the inner .enses 51 shown in Figure 5 supported in a welMrke 
portion of ground plane 53 with their associated triangular sectors of antenna 
feed elements 55, an alternative embodiment of the antenna ,n F,gure 5 ,s 
achieved, without causing blockage, by deploying a single sphenca. Luneburg 
,ens 60, with an associated octant arrangement of antenna feed elemente 62, 
within a well-like region 61 of the antenna. Such en arrangement is depicted ,n 
Figure 6a in plan view, and in Figure 6b in section through the plane A-A as 
viewed in the diredion B-B. In the preferred embodiment of Figure 6, fewer 
Luneburg lenses are required than in the arrangement of Figure 5a and 5b 
while offering the same advantages o, low profile and a low radar cross secbon. 

,n the preferred antenna arrangements of the present invention, antenna 
feed elements 54, 55. 58, 62 are switohably selectable to provide beam 
coverage in different directions. A preferred swttching technique w„l now be 

described with reference to Figure 7. 

Referring to Rgure 7, a typical switching network 70 is show* compnsing 
a piurality of switches 71, 72, 73 arranged in a binary tree. A top layer o 
swLhes 73 is connected to antenna feed elements 54, 55, 58 6 As ,s typ.ca 
in a binary tree arrangement, each layer o, switches 72. 73 ,s fed by . laye 
elow nalg at most hal, as many swrtches. An input/output 74 to ttte lowe 
,ayer of the network 70 is connected to a transmitter (no. shown) or receiver 
( „o, shown,, respects. The number of switches 71. 72 73 requ,ed or a 
binary switching network 70 feeding N antenna feed elements 54, 55, 58, 62 ,s. 
1 +2 + 4+....+ N/2 = N-1 

The complexity of the switching network 70 is determined by the required 
gain of the muttiple beam antenna. Because a high gain translates into a large 
number of antenna feed e,ements 54, 55, 58, 62, which ttsel, translates ,nro a 
iarge number of switches 71, 72, 73, the higher the gain, the greater ,s the 
requirement for switches. Each swtch 71, 72, 73 requires a radio frequency 
(RF) path and a logic circuit (not shown in Figure 7). An RF path may be 
selected from a particular antenna feed element 54, 55, 58. 62 to a 
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transmitter/receiver via the input/output 74 of the network 70 by means of a 
suitable combination of bias voltages applied to switch logic circuits, as is well 
known in the art. 

If multi-throw switches (not shown) rather than double-throw switches 71, 
72, 73 are used to form a switching network suitable for use in preferred 
embodiments of the present invention, then the corresponding switching 
network tree is not a binary tree and fewer switches and switching layers may 
be required to achieve a required degree of antenna feed element selection. 

A further preferred embodiment of the present invention will now be 
described with reference to Figure 8. 

Referring to Figure 8, an antenna arrangement according to any one of 
the preferred embodiments of the present invention described above, although 
in this example that described above with reference to Figures 5a and 5b, may 
be enclosed by a frequency-selective surface 80, operable to permit signals 
used by the antenna to pass through the surface 80 and to either reflect or 
absorb other signals. The surface 80 may serve additionally as a protective and 
aerodynamically low-drag radome for preferred embodiments of the antenna. 

It will be appreciated that the invention described herein has a number of 
possible applications, for example on different types of platforms (ship, aircraft 
and land vehicle). A low profile, for example to reduce aerodynamic drag, is a 
crucial requirement for many of these systems and the invention offers this as 
well as other advantages over existing wide-angle scanning antennae. 

It will be appreciated that variation may be made to the embodiments of 
the invention described herein without departing form the scope of the 
invention. 



